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7ZRSURFHVVLQJYDULDQWVRIODVHUWUDQVPLVVLRQZHOGLQJLQSDUWLFXODUDUHZLGHO\XVHGLQLQGXVWULDODSSOLFDWLRQV,Q
FRQWRXUZHOGLQJ WKH ODVHU UDGLDWLRQ LV JXLGHG DORQJ WKHZHOG VHDPRQFHZKLFK HQDEOHV WKH FUHDWLRQRI ORQJ DQG
FRPSOH[ZHOGVHDPV,QTXDVLVLPXOWDQHRXVZHOGLQJWKHODVHUEHDPLVJXLGHGDORQJWKHZHOGVHDPQXPHURXVWLPHV
DWKLJKVSHHGZLWKDVFDQQHUGHYLFH7KLVDSSURDFKKDVWKHHIIHFWWKDWWKHZKROHZHOGVHDPFDQEHSODVWLFL]HGDWWKH
VDPHWLPH
,Q UHFHQW \HDUV ODVHU VRXUFHVZHUH GHYHORSHGZLWKZDYHOHQJWKVEHWZHHQQP DQGQP DQG VXIILFLHQW
SRZHU IRUPDWHULDO SURFHVVLQJ >.|KOHU HW DO  -HRQJ HW DO 0HOHVKNHYLFK HW DO @ZKLFK DWWUDFWHG
DWWHQWLRQIRUDSSOLFDWLRQVLQ WKHODVHU WUDQVPLVVLRQZHOGLQJRI WKHUPRSODVWLFVGXHWR WKHKLJKHU LQWULQVLFDEVRUSWLRQ
SURSHUWLHVRIWKHPDWHULDOVLQWKLVVSHFWUDOUDQJH6RIDUWKHVHODVHUVRXUFHVLQODVHUWUDQVPLVVLRQZHOGLQJKDYHPDLQO\
EHHQ DSSOLHG IRU WKH PDQXIDFWXULQJ RI ZHOG VHDPV EHWZHHQ SDUWV ZLWKRXW VSHFLILF ODVHU DEVRUELQJ DGGLWLYHV
>0LQJDUHHYHWDO0DPXVFKNLQHWDO5RXWVDODLQHQHWDO@
5DGLDQWKHDWHUVFDQEHXVHGWRLQFUHDVHZHOGLQJVSHHGDQGZHOGVHDPTXDOLW\LQODVHUWUDQVPLVVLRQZHOGLQJ7KHLU
EURDGEDQG QHDU DQG PLGLQIUDUHG 1,50,5 HPLVVLRQ LV DSSOLHG DV VHFRQGDU\ UDGLDWLRQ LQ DGGLWLRQ WR D
FRQYHQWLRQDO GLRGH ODVHU ZDYHOHQJWK 7KH SRO\FKURPDWLF UDGLDWLRQ RI WKH KHDWHUV LV SDUWO\ DEVRUEHG E\ WKH
WUDQVSDUHQW MRLQLQJSDUWQHU OHDGLQJ WRPRGLILHG WHPSHUDWXUH ILHOGV DQG D UHGXFHG VWLIIQHVV RI WKH WUDQVSDUHQWSDUW
:LWKDVXLWDEOHFODPSLQJGHYLFHUHODWLYHO\ODUJHJDSVEHWZHHQWKHWZRSDUWVFDQEHFORVHGLQWKLVµK\EULGZHOGLQJ
SURFHVV¶DQGWKHPRGLILHGWHPSHUDWXUHILHOGVOHDGWRUHGXFHGWKHUPDOVWUHVVHV>+RIPDQQHWDO@
7KH JDSEULGJLQJ FDSDELOLW\ LV D FUXFLDO IDFWRU IRU WKH DSSOLFDWLRQ RI ODVHU WUDQVPLVVLRQ ZHOGLQJ LQ LQGXVWULDO
DSSOLFDWLRQV ZKHUH PDQXIDFWXULQJ WROHUDQFHV EHWZHHQ WKH SDUWV KDYH WR EH DFFRXQWHG IRU 'XH WR WKH SURFHVV
FKDUDFWHULVWLFVRIFRQYHQWLRQDOODVHUWUDQVPLVVLRQZHOGLQJLWLVLPSRUWDQWWKDWERWKMRLQLQJSDUWQHUVDUHLQFRQWDFWWR
DOORZWKHUPDOFRQGXFWLRQIURPWKHDEVRUELQJWRWKHWUDQVSDUHQWSDUWVRWKDWERWKFRPSRQHQWVPHOWDQGIRUPDVWURQJ
ZHOGVHDP$FODPSLQJGHYLFHLVXVHGWRKROGWKHSDUWVLQWKHGHVLUHGSRVLWLRQDQGFORVHJDSVEHWZHHQWKHPDVIDUDV
SRVVLEOH5HVLGXDOJDSVDWWKHZHOGVHDPFDQWRDFHUWDLQH[WHQWEHFORVHGGXULQJWKHZHOGLQJSURFHVVGXHWRWKHUPDO
H[SDQVLRQRIWKHPDWHULDOV>&KHQ@:KHQZDYHOHQJWKVZKLFKDUHGLUHFWO\DEVRUEHGE\ERWKMRLQLQJSDUWQHUVDUH
XVHG IRU ZHOGLQJ DEVRUEHUIUHH SDUWV GLUHFW WKHUPDO FRQWDFW LV QRW PDQGDWRU\ DQG GHSHQGLQJ RQ WKH SURFHVVLQJ
SDUDPHWHUVDQGWKHGHPDQGVUHJDUGLQJWKHRSWLFDODSSHDUDQFHRIWKHZHOGVHDPJDSVUDQJLQJIURPWRP
FDQEHEULGJHG>0DPXVFKNLQHWDO@7KXVDSSOLFDWLRQRIWKHVHEHDPVRXUFHVVKRXOGDOVROHDGWRDEHWWHUJDS
EULGJLQJFDSDELOLW\LQWKHFRQYHQWLRQDOSURFHVVZLWKDQDEVRUELQJMRLQLQJSDUWQHU


)LJ/HQVVKDSHGZHOGVHDPFUHDWHGE\FRQWRXUZHOGLQJ
$W\SLFDOZHOGVHDPFUHDWHGE\FRQWRXUZHOGLQJLQSRO\SURS\OHQH33LVVKRZQLQ)LJ,WVKRZVDOHQVVKDSHG
FURVVVHFWLRQZLWK WKH ODUJHVWSDUWRI WKHZHOGVHDPVLWXDWHG LQ WKHDEVRUELQJ MRLQLQJSDUWQHU $7KHZHOGVHDP
ZLGWK LQ WKH MRLQLQJ SODQH :: LV QRWLFHDEO\ VPDOOHU WKDQ WKHZLGWK RI WKHPHOW SRRO 03: 7KXV WKH ORDG
EHDULQJ FDSDFLW\ LV H[SHFWHG WR EH OLPLWHG LQ FRPSDULVRQ WR D ZHOG VHDP ZLWK WKH PD[LPXP PHOW SRRO ZLGWK
SRVLWLRQHGLQWKHMRLQLQJSODQHEHWZHHQWKHDEVRUELQJDQGWKHWUDQVSDUHQWMRLQLQJSDUWQHU7%\DGDSWLQJWKHODVHU
ZDYHOHQJWKWRWKHRSWLFDOPDWHULDOSURSHUWLHVDQGVHOHFWLQJDSSURSULDWHSURFHVVLQJSDUDPHWHUVWKHODVHULQGXFHGKHDW
GLVWULEXWLRQFDQEHPRGLILHGZKLFKWUDQVODWHVLQWREHWWHUFRQWURORIWKHZHOGSRROJHRPHWU\
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:KHQ WKH ODVHU ZDYHOHQJWKV DUH DGDSWHG WR WKH DEVRUSWLRQ EHKDYLRU RI WKH WUDQVSDUHQW SRO\PHUV LQ WKH MRLQW
EHWZHHQWUDQVSDUHQWDQGDEVRUELQJSDUWVWKHSURFHVVLQJEHQHILWVDUHVLPLODUWRWKRVHLQWKHK\EULGZHOGLQJDSSURDFK
KRZHYHU ZLWK UHGXFHG WHFKQLFDO HIIRUW $GGLWLRQDOO\ DV LQ WKH DEVRUEHUIUHH FDVH DEVRUEDQFH LQ WKH WUDQVSDUHQW
MRLQLQJSDUWQHU FRXOG LPSURYH WKH JDSEULGJLQJ FDSDELOLW\7KLVSDSHU H[DPLQHV WKH RSWLFDOPDWHULDO SURSHUWLHV RI
IRXUFRPPRQO\XVHG WKHUPRSODVWLFPDWHULDOVE\XVLQJ1,5VSHFWURVFRS\DQGDSSOLHV WKHVHDV LQSXWSDUDPHWHUVIRU
ILQLWHHOHPHQW)(VLPXODWLRQVLQRUGHUWRSUHGLFWWKHWHPSHUDWXUHILHOGVGXULQJFRQWRXUDQGTXDVLVLPXOWDQHRXVODVHU
WUDQVPLVVLRQ $ VXLWDEOH ODVHU ZDYHOHQJWK LV VHOHFWHG DQG SURFHVV SDUDPHWHUV DUH DGMXVWHG WR DFKLHYH EHWWHU
WHPSHUDWXUH GLVWULEXWLRQ DQG ZHOG SRRO JHRPHWU\ ,Q DGGLWLRQ WR WKH VLPXODWLRQ RI WHPSHUDWXUH ILHOGV WKH )(
VLPXODWLRQ PRGHO LV H[WHQGHG WR LQFOXGH WKHUPDO H[SDQVLRQ RI WKH PDWHULDOV ZLWK WKH DLP RI LQYHVWLJDWLQJ JDS
EULGJLQJEHKDYLRU&RPSDULVRQVDUHGUDZQEHWZHHQWKHDGDSWHGZDYHOHQJWKDQGDFRQYHQWLRQDOQPZDYHOHQJWK
0DWHULDOFKDUDFWHUL]DWLRQ
2.1. Absorbance behavior of polymers 
7KH DEVRUEDQFH EHKDYLRU RI VDPSOH PDWHULDOV ZDV DQDO\]HG E\ XVLQJ 1,5 VSHFWURVFRS\ /DPEGD 
VSHFWURPHWHU3HUNLQ(OPHUDWDZDYHOHQJWKUDQJHRIQP)LJVKRZVWKHDEVRUEDQFHVSHFWUDRIPP
WKLFN SODWHV PDGH RI IRXU FRPPRQO\ XVHG WKHUPRSODVWLF PDWHULDOV SRO\SURS\OHQH 33 SRO\DPLGH  3$
SRO\FDUERQDWH 3& DQG DFU\ORQLWULOHEXWDGLHQH VW\UHQH $%6$OO VSHFWUD VKRZ UHODWLYHO\ ORZDEVRUEDQFHEHORZ
QPDQGDEVRUEDQFHSHDNVDWDURXQGQPQPDQGQP7KHDEVRUEDQFHWHQGVWRLQFUHDVHZLWK
ZDYHOHQJWK


)LJ$EVRUEDQFHVSHFWUDRISRO\PHUSODWHVZLWKDWKLFNQHVVRIPP
7KHVH VSHFWUD ZHUH XVHG WR FDOFXODWH WKH DEVRUSWLRQ FRHIILFLHQWV WKDW DUH VKRZQ LQ 7DE  WRJHWKHU ZLWK DQ
RYHUYLHZRIDYDLODEOHODVHUEHDPVRXUFHVVXLWDEOHIRUWKHFRUUHVSRQGLQJVSHFWUDOUDQJH
 
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 7DEOH$EVRUSWLRQFRHIILFLHQWVRISRO\PHUVDWGLIIHUHQWODVHUZDYHOHQJWKV
ODVHUVRXUFH W\SLFDOZDYHOHQJWK
DEVRUSWLRQFRHIILFLHQWVP
33 3$ 3& $%6
,Q*D$V*D$VGLRGHODVHU>+RUQ@ QP    
,Q*D$V3,Q3GLRGHODVHU>.|KOHUHWDO@ QP    
(UELXPILEHUODVHU>-HRQJHWDO@ QP    
$O*D,Q$V6EGLRGHODVHU>.|KOHUHWDO@
7KXOLXPILEHUODVHU>0HOHVKNHYLFKHWDO@ QP    

&RPSDUHG WR D W\SLFDOO\ XVHGGLRGH ODVHUZDYHOHQJWK RI  QP DOO H[DPLQHGSRO\PHUPDWHULDOV VKRZPXFK
KLJKHULQWULQVLFDEVRUSWLRQDWODVHUZDYHOHQJWKVEHWZHHQQPDQGQP$PRQJWKHDYDLODEOHODVHUVRXUFHV
WKHKLJKHVWDEVRUEDQFHLVREVHUYHGDWDZDYHOHQJWKRIQPKHQFHWKLVZDYHOHQJWKLVFKRVHQIRUWKHIROORZLQJ
DQDO\VHV
2.2. Absorbance behavior of polymers filled with carbon black 
$SDUW IURP WKH LQWULQVLF DEVRUSWLRQ RI WKH SRO\PHULF PDWHULDOV WKHUH DUH GLIIHUHQW PDWHULDOGHSHQGHQW RSWLFDO
SURSHUWLHVWKDWFDQLQIOXHQFHWKHSURFHVVRIODVHUWUDQVPLVVLRQZHOGLQJZKHQORQJHUZDYHOHQJWKVDUHXVHG&DUERQ
EODFNLVWKHPRVWFRPPRQPDWHULDOXVHGWRLQFUHDVHDEVRUEDQFHLQWKHDEVRUELQJMRLQLQJSDUWQHULQODVHUWUDQVPLVVLRQ
ZHOGLQJ7KHDEVRUSWLRQFRHIILFLHQWLQFUHDVHVZLWKLQFUHDVLQJ&%FRQWHQWLQWKHSRO\PHULFPDWHULDO+RZHYHUGXH
WRWKHUHODWLYHO\ORZWKHUPDOFRQGXFWLYLW\RIWKHPDWHULDOVRSWLFDOSHQHWUDWLRQGHSWKLQWKHDEVRUELQJMRLQLQJSDUWQHU
VKRXOGQRWEHWRRORZLQRUGHUWRPLQLPL]HWKHULVNRIWKHUPDOGHFRPSRVLWLRQDWWKHVXUIDFHRIWKHDEVRUELQJSDUW
$VLVNQRZQ WKHPDVVH[WLQFWLRQFRHIILFLHQWRI&%SDUWLFOHVFKDQJHVZLWKZDYHOHQJWKDQGLVGHSHQGHQWRQWKH
LQWHUQDOVWUXFWXUHZKLFKLVLQIOXHQFHGE\WKHSURGXFWLRQFRQGLWLRQV>-DHJHUHWDO@,WLVWKHUHIRUHDVVXPHGWKDW
WKH VSHFWUDO SURSHUWLHVRI WKH DEVRUELQJSDUW LQIOXHQFH WKH SURFHVVZKHQGLIIHUHQWZDYHOHQJWKV DQG UHODWLYHO\ ORZ
DPRXQWV RI &% DUH XVHG 7R WDNH DFFRXQW RI WKHVH SURSHUWLHV DEVRUSWLRQ VSHFWUD RI 33 VDPSOHV ILOOHG ZLWK
ZW&% ZHUH GHWHUPLQHG 7KH VDPSOHV ZHUH FXW ZLWK D PLFURWRPH WR D WKLFNQHVV RI  DQG P
UHVSHFWLYHO\RUJURXQGWRDWKLFNQHVVRIP7KHDYHUDJHVSHFWUDODEVRUSWLRQFRHIILFLHQWRIWKHVHPHDVXUHPHQWV
LVVKRZQLQ)LJ


)LJ$EVRUSWLRQVSHFWUXPRI33ILOOHGZLWKZWRIFDUERQEODFN
7KHDEVRUSWLRQFRHIILFLHQWRIWKH&%ILOOHG33VDPSOHVGHFUHDVHVZLWKLQFUHDVLQJZDYHOHQJWKDQGWKHDEVRUSWLRQ
FRHIILFLHQWDWDZDYHOHQJWKRIQPLVDSSUR[LPDWHO\ORZHUWKDQDWDZDYHOHQJWKRIQP7KLVOHDGVWRD
KLJKHUSHQHWUDWLRQGHSWKLQWKHDEVRUELQJMRLQLQJSDUWQHUDQGDOHVVFRQFHQWUDWHGJHQHUDWLRQRIKHDW7KHVPDOOSHDNV
LQWKHDEVRUSWLRQVSHFWUXPDWDQGHVSHFLDOO\QPRULJLQDWHIURPWKHLQWULQVLFDEVRUSWLRQSURSHUWLHV
RI WKH 33 PDWHULDO ZKLFK VKRZV WKDW GHVSLWH WKH DEVRUELQJ DGGLWLYH WKH SURSHUWLHV RI WKH EDVH PDWHULDO VWLOO
PDUJLQDOO\LQIOXHQFHWKHDEVRUSWLRQEHKDYLRU
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2.3. Scattering 
6FDWWHULQJ LV VWURQJO\ GHSHQGHQW RQ WKH ZDYHOHQJWK ,I WKH VFDWWHULQJ FHQWHUV DUH PXFK VPDOOHU WKDQ WKH
ZDYHOHQJWK5D\OHLJK¶VVFDWWHULQJODZLPSOLHVWKDWEHDPLQWHQVLW\YDULHVDFFRUGLQJWRZLWKLQFUHDVLQJSHQHWUDWLRQ
GHSWK ]ZKHUHܰLV WKHQXPEHURI VFDWWHULQJ FHQWHUVSHUXQLW YROXPHDQGߪ௦LV WKH VFDWWHULQJ FURVV VHFWLRQRI WKH
VFDWWHULQJFHQWHUZKLFKYDULHVZLWKZDYHOHQJWKDFFRUGLQJWR>)R[@
H[S  zNIzI sV      


O
OV vs    
7KHXVHRIORQJHUZDYHOHQJWKVFDQEHEHQHILFLDOLIVFDWWHULQJPDWHULDOVOLNHVHPLFU\VWDOOLQHSRO\PHUVDUHXVHGDV
WKH WUDQVSDUHQW MRLQLQJ SDUWQHU WR HQVXUH WKDW WKH WUDQVPLWWHG EHDP KDV VXIILFLHQW LQWHQVLW\ WR FUHDWH WKH ZHOG
6FDWWHULQJ FDQ EH D VHULRXV LVVXH ZKHQ ZKLWH FRORUHG SRO\PHULF PDWHULDOV DUH ZHOGHG VLQFH VWURQJ VFDWWHULQJ
DGGLWLYHV OLNH7L2DUHXVXDOO\XVHGWRFUHDWH WKHZKLWHKXH0DPXVFKNLQHWDO LQYHVWLJDWHGWUDQVPLVVLRQZHOGLQJ
ZLWK RSDTXH7L2ILOOHG 3&PDWHULDO DV WKH µWUDQVSDUHQW¶ MRLQLQJ SDUWQHU 7KLVPDWHULDOZDV QRQZHOGDEOHZLWK D
W\SLFDOGLRGHODVHUZDYHOHQJWKRIQPKRZHYHUWKHVWURQJZDYHOHQJWKGHSHQGHQFHRIWKHVFDWWHULQJSURSHUWLHV
PDNHVLWZHOGDEOHZKHQXVLQJDQPGLRGHODVHU>0DPXVFKNLQHWDO@
)(VLPXODWLRQV
7R LQYHVWLJDWH WKH LQIOXHQFH RI WKHVH ZDYHOHQJWKGHSHQGHQW PDWHULDO SURSHUWLHV DQG SURFHVVLQJ FRQGLWLRQV D
WUDQVLHQWWKHUPDOVLPXODWLRQPRGHOZDVFUHDWHGXVLQJWKHFRPPHUFLDO)(VLPXODWLRQVRIWZDUH$16<67RUHSUHVHQW
ODVHULQGXFHGWLPHDQGSRVLWLRQGHSHQGHQWKHDWLQJRIWKHPDWHULDOLQWKHPRGHODORDGIXQFWLRQLVXVHGEDVHGRQWKH
ZRUNVRI>6FKPDLO]ODQG+LHUO@ZKRKDYHVKRZQWKDWLQWKHDSSOLFDWLRQRIWKLVDSSURDFKWKHSURFHVVLQJWLPHV
FDQEH UHGXFHGVLJQLILFDQWO\FRPSDUHG WRZKHQD URXWLQH LQ$16<6SURSULHWDU\SURJUDPPLQJ ODQJXDJH$3'/LV
XVHGWRDSSO\ORDGVWRWKHHOHPHQWVGLUHFWO\7KLVORDGIXQFWLRQGHVFULEHVWKHKHDWJHQHUDWLRQ4E\WKHDEVRUSWLRQRI
DPRYLQJODVHUEHDPZLWK*DXVVLDQLQWHQVLW\GLVWULEXWLRQDFFRUGLQJWRWKH/DPEHUW%HHUODZLQGHSHQGHQFHRIWKH
ODVHUSRZHU3EHDPGLDPHWHUGWUDYHOVSHHGYDEVRUSWLRQFRHIILFLHQWȽFRRUGLQDWHV[\]LQD&DUWHVLDQFRRUGLQDWH
V\VWHPDQGWLPHWDQGLVJLYHQLQIRUDODVHUPRYHPHQWLQ[GLUHFWLRQ

      


7KHIXQFWLRQLVH[WHQGHGE\LQFOXGLQJYDULDWLRQVRIWKHEHDPGLDPHWHUGLQGHSHQGHQFHRIWKHSHQHWUDWLRQGHSWK
LQWKHWUDQVSDUHQWMRLQLQJSDUWQHUWREHDEOHWRUHSUHVHQWIRFXVLQJDQGVFDWWHULQJLQWKHVLPXODWLRQDFFRUGLQJWR
ZKHUH]LVWKHSHQHWUDWLRQGHSWK݀଴LVWKHLQLWLDOEHDPGLDPHWHUοݖLVWKH]SRVLWLRQRIWKHIRFXVSRLQWUHODWLYHWRWKH
RULJLQRIWKHFRRUGLQDWHV\VWHPDQGݖ௥LVWKH5D\OHLJKOHQJWKRIWKHIRFXVHGEHDP


      


7KH ILUVW SDUW RI HTXDWLRQ  GHVFULEHV WKH IRFXVLQJ RI D *DXVVLDQ EHDP >0HVFKHGH @ WKH VHFRQG SDUW
DFFRXQWLQJIRUVFDWWHULQJLVGHULYHGIURP7KLVSDUWLVRQO\WUXHLIWKHLQWHQVLW\GLVWULEXWLRQUHPDLQV*DXVVLDQDQG
WKH WRWDO LQWHQVLW\RI WKHVFDWWHUHGEHDPGRHVQRWFKDQJHZLWK] WKXVQHJOHFWLQJEDFNVFDWWHULQJIURPWKHPDWHULDO
)RUVLPXODWLRQSXUSRVHVܰߪ௦FDQEHH[SHULPHQWDOO\GHWHUPLQHGE\PHDVXULQJWKHEHDPGLDPHWHURQFHLWKDVSDVVHG



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WKURXJK WKH WUDQVSDUHQW SDUW EDFNVFDWWHULQJ FDQ EH DFFRXQWHG IRU E\ LQFOXGLQJ WKH VFDWWHUHG SDUW RI WKH LQLWLDO
LQWHQVLW\LQWKHUHIOHFWHGLQWHQVLW\ZKHQGHWHUPLQLQJWKHDEVRUSWLRQFRHIILFLHQW
7KHUHVXOWLQJIXQFWLRQLVDSSOLHGWRERWKWKHDEVRUELQJDQGWKHWUDQVSDUHQWMRLQLQJSDUWQHULQRUGHUWRDFFRXQWIRU
WKHGLIIHUHQWDEVRUSWLRQFRHIILFLHQWVRIWKHPDWHULDOV
3.1. Simulation of contour welding 
)RUWKHVLPXODWLRQRIFRQWRXUZHOGLQJWZREORFNVPHDVXULQJPP[PP[PPUHSUHVHQWLQJDVHFWLRQHDFK
RIWKHWUDQVSDUHQWDQGDEVRUELQJSDUWVDUHSRVLWLRQHGRQWRSRIHDFKRWKHU7KHODVHULUUDGLDWLQJSHUSHQGLFXODUO\IURP
WKH WRS LVPRYHGRQFHDORQJ WKHHGJHRI WKHSDUWV'XH WR V\PPHWU\ RQO\RQHKDOIRI WKHZHOG LV VLPXODWHG7R
HQVXUHWKDWWKHIXOOWKHUPDOORDGLVDSSOLHGWRWKHPRGHOWKHVLPXODWHGEHDPSDWKLVPPORQJHURQHDFKVLGHRIWKH
VHFWLRQ)XUWKHUPRUHDSODQH LQ WKHPLGGOHRI WKH WZREORFNV LVXVHG WRHYDOXDWH WKHZHOGVHDPJHRPHWU\)LJ
VKRZVDQ H[DPSOHRI WKH VLPXODWHG WHPSHUDWXUH ILHOGVGXULQJ WKH FRQWRXUZHOGLQJSURFHVV DQG WKHFRUUHVSRQGLQJ
SURFHVVLQJSDUDPHWHUV


)LJ6LPXODWLRQPRGHOIRUFRQWRXUZHOGLQJDQGXWLOL]HGSURFHVVLQJSDUDPHWHUV
0DWHULDOZLWKDWHPSHUDWXUHDERYHWKHPHOWWHPSHUDWXUHLVVKRZQDVDKRPRJHQHRXVDUHDRIJUD\7KHUHVXOWLQJ
PHOW SRRO JHRPHWULHV IRU D ODVHUZDYHOHQJWK RI  QP DQG QP DUH VKRZQ LQ)LJ $SDUW IURP WKH ODVHU
SRZHUDOOSDUDPHWHUVDUHWKHVDPHDVLQ)LJ0HOWSRROJHRPHWULHVDUHFKDUDFWHUL]HGE\ZHOGZLGWK::PHOW
SRROZLGWK03:WRWDOZHOGKHLJKW:+DQGWKHKHLJKWRIWKHPHOWSRROORFDWHGLQWKHDEVRUELQJSDUW+$


)LJ&DOFXODWHGWHPSHUDWXUHILHOGVDQGPHOWSRROJHRPHWULHVIRUFRQWRXUZHOGLQJZLWKGLIIHUHQWZDYHOHQJWKV
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7KHFDOFXODWHGWHPSHUDWXUHILHOGVVKRZWKDWGXHWRWKHKLJKHUDEVRUSWLRQLQWKHWUDQVSDUHQWMRLQLQJSDUWQHUPXFK
JUHDWHUODVHUSRZHULVUHTXLUHGWRFUHDWHWKHZHOGZKHQDZDYHOHQJWKRIQPLVXVHGWKDQZLWKWKHFRQYHQWLRQDO
ZDYHOHQJWKRIQP'HVSLWHWKHKLJKHUDEVRUSWLRQLQWKHWUDQVSDUHQWMRLQLQJSDUWQHUWKHSRVLWLRQRIWKHZHOGSRRO
GRHV QRWPRYH WRZDUGV WKH WUDQVSDUHQW SDUW WKLV LVPRVW OLNHO\ GXH WR WKH IDFW WKDW WKH SHQHWUDWLRQ GHSWK RI WKH
UDGLDWLRQLQWRWKHDEVRUELQJSDUWLVKLJKHU7KHUHVXOWLVDPRGLILHGZHOGSRROJHRPHWU\ZLWKDKLJKHUKHLJKWWRZLGWK
UDWLR$GGLWLRQDOO\ GHVSLWH GRXEOLQJ WKH HQHUJ\ LQSXW WKHPD[LPDO WHPSHUDWXUH7BPD[ZKLFKRFFXUV GXULQJ WKH
LUUDGLDWLRQ LVPXFK ORZHUZKHQ WKH ORQJHU ZDYHOHQJWK LV XVHG 7KLV VKRXOG OHDG WR ERWK D EHWWHU JDS EULGJLQJ
FDSDELOLW\EHFDXVHRIWKHKLJKHUWKHUPDOH[SDQVLRQDQGDPLQLPL]HGULVNRIWKHUPDOGHJUDGDWLRQDWWKHVXUIDFHRIWKH
DEVRUELQJSDUW
3.2. Simulation of quasi-simultaneous welding 
'XHWRPXOWLSOHLUUDGLDWLRQDQGORQJHULQWHUDFWLRQWLPHLQTXDVLVLPXOWDQHRXVZHOGLQJWKHUPDOFRQGXFWLRQSOD\VD
JUHDWHUUROHLQWKHIRUPDWLRQRIWKHWHPSHUDWXUHILHOGVOHDGLQJWRDKLJKHUSRWHQWLDORILQIOXHQFLQJWKHWHPSHUDWXUH
ILHOGVDQGWKHZHOGVHDPJHRPHWULHV$VLPSOLILHGWZRGLPHQVLRQDO)(PRGHOUHSUHVHQWLQJRQHFURVVVHFWLRQWKURXJK
WKH ZHOG VHDP LV XVHG WR UHGXFH FRPSXWLQJ WLPH IRU VLPXODWLQJ TXDVLVLPXOWDQHRXV ZHOGLQJ 7KXV WKHUPDO
FRQGXFWLRQSHUSHQGLFXODUWRWKHFURVVVHFWLRQLVQHJOHFWHGOHDGLQJWRDQXQGHUHVWLPDWLRQRIWKHSHDNWHPSHUDWXUHVLQ
WKHZHOG ]RQH 7KLV SKHQRPHQRQ GHFUHDVHVZLWK LQFUHDVLQJ ODVHU EHDP WUDYHO VSHHG >6FKPDLO]O DQG+LHUO @
&RQVLGHULQJWKHKLJKWUDYHOVSHHGVFRPPRQO\XVHGLQTXDVLVLPXOWDQHRXVZHOGLQJWKLVDSSUR[LPDWLRQLVDFFHSWDEOH
4XDVLVLPXOWDQHRXV ZHOGLQJ ZDV LQYHVWLJDWHG XVLQJ WKH VDPH PDWHULDO SURSHUWLHV DQG IRFXVLQJ FRQGLWLRQV DV
VKRZQLQ)LJ%HDPWUDYHOVSHHGZDVVHW WRPVDQGDFRQWRXU OHQJWKRIPPZDVDVVXPHGOHDGLQJWRDQ
LUUDGLDWLRQIUHTXHQF\RI+]ZLWKDWRWDORIVLPXODWHGF\FOHVWRFUHDWHDZHOG'XHWRWKHKLJKHUDEVRUSWLRQRI
WKHWUDQVSDUHQWSDUWDODVHUSRZHURI:ZDVXVHGDWQPFRPSDUHGWR:DWWKHFRQYHQWLRQDOZDYHOHQJWK
RIQP7KHVLPXODWHGWHPSHUDWXUHILHOGVDQGZHOGVHDPJHRPHWULHVDUHVKRZQLQ)LJ

)LJ&DOFXODWHGWHPSHUDWXUHILHOGVDQGPHOWSRROJHRPHWULHVIRUTXDVLVLPXOWDQHRXVZHOGLQJZLWKGLIIHUHQWZDYHOHQJWKV
&RPSDUHG WR FRQWRXU ZHOGLQJ D ODUJHU SURSRUWLRQ RI WKH PDWHULDO YROXPH LV KHDWHG DQG VSDWLDO WHPSHUDWXUH
JUDGLHQWVDUHUHGXFHGLQTXDVLVLPXOWDQHRXVZHOGLQJ%\DSSO\LQJDZDYHOHQJWKRIQPLWLVSRVVLEOHWRH[SDQG
WKHPHOW SRRO LQWR WKH WUDQVSDUHQW MRLQLQJSDUWQHU DQG FUHDWH DGURSVKDSHGPHOW SRROZLWK FRPSDUDEOHZLGWK EXW
PXFKJUHDWHUKHLJKW LQFRQWUDVW WR WKH OHQVVKDSHGPHOWSRROFUHDWHGE\ WKHQPZDYHOHQJWK$FFRUGLQJ WR WKH
/DPEHUW%HHU ODZDEVRUSWLRQLQWKHWUDQVSDUHQWSDUW OHDGVWRDKLJKHUULVNRIPHOWIRUPDWLRQDW WKHVXUIDFHRI WKH
XSSHUMRLQLQJSDUWQHU7KLVFDQOLPLWWKHDSSOLFDELOLW\RIORQJHUZDYHOHQJWKVHVSHFLDOO\ZLWKLQFUHDVLQJWKLFNQHVVRI
WKH WUDQVSDUHQW SDUWV %XW WKH LQFUHDVHG YROXPH RI KHDWHG PDWHULDO FDQ LPSURYH WKH JDSEULGJLQJ FDSDELOLW\
VLJQLILFDQWO\DQGWKHUHGXFWLRQRIWKHUPDOJUDGLHQWVFRXOGOHDGWRUHGXFHGUHVLGXDOVWUHVVHV7KHH[SDQGHGPHOWSRRO
FDQUHVXOWLQLPSURYHGFRDOHVFHQFHDEHWWHUGLIIXVLRQRISRO\PHUPROHFXOHVDWWKHLQWHUIDFHDQGWKHUHIRUHSRVVLEO\D
EHWWHUERQGEHWZHHQWKHWZRSDUWV
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3.3. Simulation of gap bridging capability 
,QRUGHUWRLQYHVWLJDWHWKHJDSEULGJLQJFDSDELOLW\EHKDYLRUWKH)(VLPXODWLRQPRGHOZDVPRGLILHGE\DGGLQJD
JDS RI DGMXVWDEOH KHLJKW EHWZHHQ WKH DEVRUELQJ DQG WKH WUDQVSDUHQW MRLQLQJ SDUWQHU WR LQFRUSRUDWH WKH WKHUPDO
H[SDQVLRQRIWKHPDWHULDOV,WLVDVVXPHGWKDWQRKHDWLVWUDQVIHUUHGEHWZHHQWKHSRO\PHUSDUWVDVORQJDVWKH\DUHQRW
LQGLUHFWFRQWDFW:KHQWKHSDUWVWRXFKGXHWRWKHUPDOH[SDQVLRQGXULQJLUUDGLDWLRQSHUIHFWWKHUPDOFRQWDFWEHWZHHQ
WKHWZRSDUWVLVDVVXPHG7KHWRSVXUIDFHRIWKHWUDQVSDUHQWSDUWDVZHOODVWKHERWWRPVXUIDFHRIWKHDEVRUELQJSDUW
DUH KHOG LQ SODFH E\ D FODPSLQJ GHYLFH 6R WKHUPDO H[SDQVLRQ RI WKH DEVRUELQJ SDUW LV GLUHFWHG XSZDUGV ZKLOH
WKHUPDOH[SDQVLRQRIWKHWUDQVSDUHQWSDUWLVGLUHFWHGGRZQZDUGV$WKHUPDOH[SDQVLRQFRHIILFLHQWRIÂ.DQ
HODVWLFPRGXOXVRI*3DDQGD3RLVVRQ¶VUDWLRRIZHUHXVHG
)LJ  VKRZV WKH SURJUHVVLRQ RI WKH WHPSHUDWXUH DW WKH VXUIDFH RI WKH DEVRUELQJ MRLQLQJ SDUWQHU GXULQJ TXDVL
VLPXOWDQHRXVZHOGLQJRIWZR33SDUWVZLWKDWKLFNQHVVRIPPHDFKDQGDQLQLWLDOJDSRIPEHWZHHQWKHWZR
SDUWV LQ FRPSDULVRQ WR WKH PRGHO ZLWK QR JDS $ ZDYHOHQJWK RI  QP ZDV XVHG RQ WKH OHIW VLGH ZKHUHDV D
ZDYHOHQJWK RI QPZDV XVHG RQ WKH ULJKW 7KH SURFHVVLQJ SDUDPHWHUVZHUH WKH VDPHZLWK D ODVHU SRZHU RI
: DPP VSRW VL]HZLWK*DXVVLDQ LQWHQVLW\ GLVWULEXWLRQ D VFDQQLQJ VSHHGRIPV DQG D FRQWRXU OHQJWKRI
PP%HFDXVHRIWKHKLJKHUWUDQVPLVVLRQLQWKHFDVHRIWKHVKRUWHUZDYHOHQJWKWKHZHOGLQJSURFHVVLVVWRSSHG
DIWHU  LUUDGLDWLRQV LQ RUGHU WR SUHYHQW WKHUPDO GDPDJH WR WKH PDWHULDO ZKHUHDV LQ WKH FDVH RI WKH ORQJHU
ZDYHOHQJWKLUUDGLDWLRQVDUHXVHGWRUHDFKDFRPSDUDEOHZHOGWHPSHUDWXUH



)LJ7HPSHUDWXUHHYROXWLRQDWWKHVXUIDFHRIWKHDEVRUELQJMRLQLQJSDUWQHUGXULQJTXDVLVLPXOWDQHRXVZHOGLQJ
,QERWKFDVHVWKHJDSVZHUHFORVHGGXULQJWKHWKLUUDGLDWLRQ7KLVLVLQGLFDWHGE\WKHWHPSHUDWXUHGURSZKLFKLV
FDXVHGE\WKHKHDWFRQGXFWLRQWRWKHWUDQVSDUHQWMRLQLQJSDUWQHU:KHQDZDYHOHQJWKRIQPLVXVHGWKHVXUIDFH
RI WKHDEVRUELQJ MRLQLQJSDUWQHU UHDFKHVDPXFKKLJKHU WHPSHUDWXUHEHIRUH WKHJDS LVFORVHGDQG WKH WHPSHUDWXUH
GURSVWRDPXFKORZHUOHYHOFRPSDUHGWRWKHPRGHOZLWKRXWDJDS7KHUHVXOWLVWKDWWKHZHOGVHDPLVIRUPHGODWHU,I
WKHSURFHVVSDUDPHWHUVZHUHRQO\VHWIRUWKHJDSIUHHFDVHDVPDOOJDSRIPZRXOGDOUHDG\DIIHFWWKHVXFFHVVIXO
IRUPDWLRQRIDZHOGVHDPDQGUHGXFHZHOGVWUHQJWK
,QWKHFDVHRIDZDYHOHQJWKRIQPWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQWKHWZRPRGHOVZLWKDQGZLWKRXWD
JDSLVPXFKORZHU(VSHFLDOO\DIWHUWKHJDSLVFORVHGWKHWHPSHUDWXUHVLQWKHZHOG]RQHDUHYHU\VLPLODUVLQFHOHVV
KHDWLVFRQGXFWHGWRWKHWUDQVSDUHQWSDUW$VXFFHVVIXOZHOGDQGFRPSDUDEOHZHOGVWUHQJWKFDQEHH[SHFWHGLQERWK
FDVHV
$ELJJHUJDSZRXOGIXUWKHUGHOD\JDSEULGJLQJ,QWKHFDVHRIWKHQPZDYHOHQJWKWKLVZRXOGOHDGWRDKLJK
ULVNRIWKHUPDOGHFRPSRVLWLRQDWWKHVXUIDFHRIWKHDEVRUELQJSDUW

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6XPPDU\DQG2XWORRN
7KLV SDSHU VWXGLHV WKH LQIOXHQFH RI ODVHU ZDYHOHQJWK DGDSWHG WR WKH DEVRUSWLRQ SURSHUWLHV RI WKH WUDQVSDUHQW
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KLJKHU DEVRUSWLRQ RI ODVHU UDGLDWLRQ LQ ZDYHOHQJWKV UDQJLQJ IURP  QP WR  QP LQ FRPSDULVRQ WR D
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DEVRUELQJ SDUW %RWK RI WKHVH HIIHFWV OHDG WR DQ H[SDQGHGPHOWLQJ ]RQH DQG UHGXFHG WKHUPDO JUDGLHQWV 7KH JDS
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PRGLILHGZHOGSRROJHRPHWU\ZLWK DGURSVKDSHGZHOGSRRO DQG ODUJHUPROWHQYROXPH LQ WKH WUDQVSDUHQW MRLQLQJ
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)XUWKHUDFWLYLWLHVZLOOLQFOXGHWKHH[SHULPHQWDOYHULILFDWLRQRIWKHFDOFXODWHGZHOGVHDPJHRPHWULHVDQGWKHJDS
EULGJLQJ FDSDELOLW\ )XUWKHUPRUH WKH FRUUHODWLRQ ZLOO EH LQYHVWLJDWHG EHWZHHQ WKH ZHOG VHDP JHRPHWU\ DQG WKH
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